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Abstract: In the current study, to combat insecticide resistance, we explored larvicidal, ovicidal,
synergistic, and repellent activities of Sophora alopecuroides extract and its dominant constituents
against Aedes albopictus. The results of the toxicity bioassays demonstrated that the extract of
S. alopecuroides exerted significant larvicidal activity (16.66–86.66%) against the third-instar larvae
of Ae. albopictus at different concentrations (5–50 ug/mL) and low hatchability of eggs (2.32–75%) at
5–50 ug/mL. The constituents of S. alopecuroides showed a synergistic effect when applied as a mixture
(LC30 + LC30) against larvae, while no synergistic effect was observed against the eggs of Ae. albopictus.
S. alopecuroides extract provided 93.11% repellency in the first 90 min and gradually decreased to 53.14%
after 240 min, while the positive control DEET (N,N-diethyl-3-methylbenzamide) showed 94.18%
in the first 90 min and 55.33% after 240 min. All of the results exhibited a concentration-dependent
effect. To the best of our knowledge, this is the first time that a study has identified a highly effective
extract of S. alopecuroides, which could be used as an alternative agent to control larvae and eggs and
to repel adults of Ae. albopictus.
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1. Introduction

Mosquito-transmitted diseases, such as malaria, filariasis, dengue fever, chikungunya, zika, and
yellow fever, pose a significant public health concern, as a relatively large proportion of the human
population is exposed to these infectious diseases, especially in tropical areas [1–3]. Formerly known
as a secondary vector, Aedes albopictus, in the recent few decades, has emerged as the primary vector in
several parts of the world [4]. Though this mosquito is considered the best vector of dengue, it has
been reported to also play a major role in the transmission of chikungunya and zika virus [3,5].

In tropical regions, Ae. albopictus has effectively adapted itself in suburban and urban environments
and also can colonize in different ecological niches [6]. In Southern China, Ae. albopictus has been reported
as the most important and primary vector of infectious diseases in urban areas [7]. Poor drainage
conditions, unsanitary management of solid wastes, and favorable climatic conditions are the main
factors that contribute to the increase of mosquito breeding places [8,9]. On the other hand, large-scale
use of synthetic insecticides for the control of mosquitoes has led to the development of resistance in

Insects 2020, 11, 246; doi:10.3390/insects11040246 www.mdpi.com/journal/insects

http://www.mdpi.com/journal/insects
http://www.mdpi.com
https://orcid.org/0000-0002-8515-0053
http://www.mdpi.com/2075-4450/11/4/246?type=check_update&version=1
http://dx.doi.org/10.3390/insects11040246
http://www.mdpi.com/journal/insects


Insects 2020, 11, 246 2 of 13

populations of insects, non-biodegradability, harmful effects on natural enemies, and environmental
pollution [10–18]. Despite the fact that insecticides have been used as a major control strategy for
mosquitoes, mosquito-transmitted diseases are still prevalent [19]. In the current scenario, there is
an imperative need to formulate alternative strategies to control mosquito-transmitted diseases [20].

The use of plant-based products that have insecticidal activity has become the central focus in an
effort to combat the development of resistance to insecticides in disease-related insect vectors. In contrast
to synthetic insecticides, plant-based products have the features of low toxicity to mammals, easy
biodegradability, less or no harm to beneficial insects, and promising control of targeted insects [21,22].
Until now, various kinds of plant-based products have been identified to have potential insecticidal
activity; however, pyrethrum, neem, rotenone, and essential oils are considered as the four major types
to control insects [23,24].

Plant extracts, produced by plants, are reported to possess high chemical diversity (up to 60 separate
components) [25] and have been used for controlling agricultural, household, and medicinal insects [26–28].
Due to the diversity of their chemical constituents, the potential biological activity of the different extracts
also varies, depending on the origin of plant species, the climatic conditions, and the time of harvesting [29].

Botanicals and botanical components with potential insecticidal activity, due to their rapid
degradation, low-cost, and lack of persistence and bioaccumulation in the environment, have been
suggested as alternatives to synthetic insecticides for controlling mosquitoes [15,30–32].

Recently, the number of studies reporting the toxic effects of plant extracts against mosquitoes has
started mounting [33–35], as they exhibit potent larvicidal, ovicidal, and repellent activities. Though
there are several plant species reported to produce essential oils and plant extracts with high insecticidal
activity against mosquitoes, especially against Ae. albopictus [36–39], the activity of Sophora alopecuroides
extract has not yet been tested. Therefore, the present study aimed to assess, by laboratory bioassays,
the larvicidal, the ovicidal, and the repellent activities of S. alopecuroides extract and its constituents
against Ae. albopictus. Furthermore, the efficacy of S. alopecuroides extract’s constituents in binary
solution form was checked on larvae and eggs to determine their synergistic or antagonistic effects.

2. Materials and Methods

2.1. Insect Collection and Rearing

Foshan strain Ae. albopictus eggs were collected by Professor Dingxing Jiang in 2017. The colony
was brought in the Laboratory of Bio-Pesticide Innovation and Application of Guangdong Province,
South China Agricultural University, Guangzhou, China, in April 2018. The culture was maintained in
a pathogen- and insecticide-free environment at a temperature of 28 ± 2 ◦C, 60–70% relative humidity,
and a 14 h light/10 h dark photoperiod. The eggs were placed in glass beakers (250 mL) for hatching.
Newly hatched larvae were shifted into 1000 mL glass jars (15 × 10 cm) and fed on fish food (Godzilla,
CST945). Upon 10% pupation, jars were shifted into white cloth cages (30 × 30 cm). Emerged adult
males were shifted into separate cages via an electrical aspirator. Male adults were fed on a 10% (w/v)
sugar solution, while females were offered blood meal with white Albumen laboratory mice twice
a week [40] with ethical approval (SCAU-AEC-2010-04-16). Small beakers (200 mL) with wet filter
paper (conical shaped) were used for oviposition.

2.2. Plant Materials

The aerial parts of S. alopecuroides were collected from the Skardu Baltistan, Pakistan (35◦17′25′′ N,
75◦38′40′′ E) in the middle of July 2017. The plant species were identified by comparing the voucher
specimen PUP, PH004 (ART004), SK 135, and SK 108 submitted in Herbarium of the University of
Peshawar by [41,42].
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Botanical Formation

S. alopecuroides extract (SAE) was prepared by following the method of Wiwattanapatapee [43]
using a simple mixing procedure. The semisolid extract was oven-dried and ground into a fine
powder. Then, the dried SAE (10 g) was diluted in 10 mL of 70% aqueous methanol and mixed with
Tween 80 (30%) and Span 80 (20%) and placed over a magnetic stirrer for 30 min at room temperature;
the resultant emulsion contained 10% (w/v) of SAE. Then, 0.05 g of butylated hydroxytoluene (BHT) was
slightly added and mixed to give a homogeneous concentrate mixture. The emulsifiable concentrate
was diluted in distilled water for further application. The constituents of S. alopecuroides extract used
in the present study were determined by our group in a previous study [27].

2.3. Larvicidal, Ovicidal, and Repellent Activities

The experiment was carried out according to the directions of the World Health Organization
(WHO) protocol [44–46] with desired modifications.

Larvicidal and Ovicidal Activity of the S. alopecuroides Extract and Its Constituents

To assess the larvicidal activity of S. alopecuroides extracts against third-instar larvae of Ae. albopictus,
plastic trays (capacity 250 mL, 125 cm2 surface area) were used for the bioassay. Different concentrations
(5, 10, 20, 30, and 50 ug/mL) of extract were prepared by diluting 0.01% Tween-80 in 0.5% aqueous
acetone. The plastic trays were filled with the required concentration to half of its capacity. The control
group only contained aqueous acetone (0.5%) with 0.01% Tween-80. A group of 10 third-instar larvae
(F-11) were selected for each treatment. Each treatment was repeated four times. Larvae were transferred
to clean water, and 24 h post-treatment, the mortality data were counted up until 5 days [14,47]. Larvae
with a lack of movement toward the surface for oxygen intake were counted as dead. The same protocol
was used but with different concentrations (20, 40, 60, 80, and 100 ug/mL) for the dominant constituents
of S. alopecuroides (Sophocarpin and Sophordine) against the third-instar larvae of Ae. albopictus

To determine the ovicidal activity of the S. alopecuroides extract and its constituents using the
same concentrations as mentioned above, small plastic trays (250 mL) were used for the assay. Freshly
laid eggs were collected on filter paper. A disinfected blade was used to cut the area of filter paper
with 30 eggs. Wet filter papers were air-dried; later, these filter papers with eggs were dipped and
placed on a plastic tray containing the relevant treatment (125 mL). Aqueous acetone (0.5%) containing
0.01% Tween-80 was set as control. Each treatment was replicated four times. The date regarding egg
hatching was recorded after 24 h of each treatment up until 5 days.

2.4. Evaluation of the Synergistic/Antagonistic Relation between the Constituents of S. alopecuroides Extract

Sophocarpin and Sophordine were used in the pre-experimentation against the third-instar larvae
and eggs of Ae. albopictus; with the help of pre-experimentation data, lethal and sublethal doses were
calculated. Sublethal doses (LC20 and LC30) were individually treated for obtaining the observed
mortality of each constituent. Furthermore, these doses were mixed (LC20 + LC20 and LC30 + LC30)
and treated on the third-instar larvae and eggs of Ae. albopictus. Actual mortalities and expected
mortalities were compared by using the following formula, where “E” represents expected mortality
while Oa and Ob refer to the observed mortalities of the compounds in pairs [48]:

E = oa + ob(1− oa)

The mixture effect was designated as antagonistic, additive, or synergistic by using the following
formula, where Om is the observed mortality from a binary mixture; E is the expected mortality;
x2 represents the Chi value—a pair with an x2 value >3.84 and with higher than expected larval
mortality is considered as synergistic, while x2 values <3.84 are taken as antagonistic [49]:
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x2 =
(om − E)2

E
× 100

2.5. Adult Repellent Activity of the S. alopecuroides Extract

To find out the repellent activity of the S. alopecuroides extract, a WHO protocol was followed [50].

2.5.1. Preparation of Adult Females

A group of 240 (60/replication) starved adult females (F-11) were collected for each treatment.
Females were kept with males for five days to ensure copulation. To check initial host-seeking behavior,
hand spraying with ethanol was used for thirty seconds; if ten females landed for blood-feeding,
the experiment was performed—otherwise it was not.

2.5.2. Bioassay

Treatments were performed in cages (30 × 30 cm) made of white cotton cloth with two openings
(15 cm diameter) on either side. The extract was formulated as previously described [51], and DEET
(N,N-diethyl-3-methylbenzamide) was taken as a positive control. Hands were entirely covered with
three layers of latex gloves. An area of 7 cm2 was left exposed on the dorsal side. The extract was then
applied to the exposed surface. Each treatment was carried out only if, on the control hand, at least
10 females landed for biting. The treated hand was then introduced into the cage containing 60 starved
females every 30 min for a period of 1 min. The repellency of extract was assessed from the beginning
of the application to 240 min. The time in which two mosquitoes bit the exposed area or one bite was
observed in each of the two consecutive exposure periods was registered as Total Protection Time
(TPT) [52]. Data were recorded until the end of 240 min. Every time females tried to feed on the hand,
it was shaken to avoid the bite but it was counted as a blood meal. The percentage of repellency was
calculated by the following equation.

% Repellency (R) = (Ta− Tb/Ta) × 100

where R is the percent of repellency, Ta is the number of mosquitoes in the control group, and Tb is the
number of mosquitoes in the treated group.

2.6. Statistical Analysis

Statistical analysis of the toxicity data was performed using Probit analysis [53]. Mortality was
corrected by using the Abbott formulae [54]. Lethal and sub lethal concentrations (LC50, LC30 and
LC20) were determined using SPSS 17.0 (SPSS Inc., Chicago, IL, USA) and Polo Pc (Petaluma, CA, USA)
The statistical value of p < 0.05 were considered as significantly different. Data regarding bioassay
were analyzed by Tukey’s test using SPSS 17.0.

3. Results

3.1. Larvicidal and Ovicidal Activity of Sophora Alopecuroides Extract and Its Constituents

3.1.1. Larvicidal and Ovicidal Activity of Sophora Alopecuroides Extract

The results regarding the larvicidal activity of S. alopecuroides extract against the third-instar larvae
of Ae. albopictus are listed in Figure 1. The extract of S. alopecuroides displayed the highest mortality
ranging between 16.66% and 86.66% at a concentration range of 5–50 ug/mL. Our results demonstrate
concentration-dependent larval mortality with a maximum mortality achieved at a concentration of
50 ug/mL. The chi-square values were significant at p < 0.05. Lethal (LC50) and sub-lethal (LC30)
concentration (95% CL) values for larvae are presented in Table 1.
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Figure 1. Percentage mortality of Ae. albopictus third-instar larvae following S. alopecuroides extract
treatment at different concentrations. Blue bars represent the mortality of Ae. albopictus third-instar
larvae after exposure to different concentrations (5, 10, 20, 30, and 50 ug/mL) of S. alopecuroides (SACE)
extract. Error bars show 95% confidence intervals (CIs). Different letters indicate significant differences
at p < 0.05.

Table 1. Lethal and sub-lethal doses of S. alopecuroides extract against Ae. albopictus larvae and eggs.

Treatments LC50 (ug/mL) LC30 (ug/mL) Slope ± SE χ2 (d.f ) p-Value

Sophora
alopecuroides

Larvicidal activity 4.81 (3.04–6.33) 2.94 (2.47–3.90) 1.99 ± 0.186 1.28 (4) 0.002

Ovicidal activity 12.08 (10.40–14.28) 4.22 (3.33–5.39) 1.81 ± 0.182 0.38 (4) 0.001

LC50, lethal concentration 50% mortality; LC30, lethal concentration 30% mortality; χ2, chi-square; d.f, degrees of
freedom; SE, standard error (95% CL).

The results of the egg hatchability of Ae. albopictus against the different concentrations of S. alopecuroides
extract are presented in Figure 2. Our results of egg hatchability exhibited an inversely proportional
relationship to different concentrations of the extract. S. alopecuroides provides egg hatchability at different
concentrations ranging between 2.32% and 75%, at a concentration range of 5–50 ug/mL. Lethal (LC50)
and sub-lethal (LC30) concentration (95% CL) values for eggs of Ae. albopictus are presented in Table 1.
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Figure 2. Percentage of Ae. albopictus eggs hatching when S. alopecuroides extracts treated at different
concentrations. Blue bars represent the egg hatching percentage of Ae. albopictus third-instar larvae after
exposure to different concentrations (5, 10, 20, 30, and 50 ug/mL) of S. alopecuroides (SACE) extract. Error
bars show 95% confidence intervals (CIs). Different letters indicate significant differences at p < 0.05.
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3.1.2. Larvicidal and Ovicidal Activity of Sophocarpin and Sophordine.

Figure 3 shows the larvicidal activity of the dominant constituents of S. alopecuroides extract.
Concentration-dependent results were seen. The maximum larval mortality was observed in higher
concentrations with a significant value of chi-square (p < 0.05); Sphocarpine shows the highest larval
mortality between 31% and 98%, followed by Sophordine between 24% and 92% at a concentration
limit of 20–100 ug/mL (Figure 3). Using the results of larvicidal activity, lethal (LC50) and sub-lethal
(LC30) concentrations were calculated (Table 2).
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Figure 3. Percentage of larval mortality of Ae. albopictus (third-instar larvae) when Sophocarpin and
Sophordine were applied at different concentrations (20, 40, 60, 80, and 100 ug/mL). Red bar indicates
larval mortality due to Sophocarpin and blue bars represent larval mortality percentage of Sophordine.
Error bars show 95% confidence intervals (CIs). Different letters indicate significant differences at
p < 0.05.

Table 2. Lethal and sub-lethal doses of Sophocarpin and Sophordine against Ae. albopictus larvae
and eggs.

Activities Chemicals LC50 ug/mL LC30 ug/mL LC20 ug/mL SLOP ± SE χ2 (d.f ) p-Value

Larvicidal
activity

Sophocarpin 33.44
(29.99 ± 36.69)

27.63
(24.20 ± 30.74)

17.73
(14.51 ± 20.65) 3.05 ± 0.28 18.33 (4) 0.002

Sophordine 41.09
(37.43 ± 44.69)

33.52
(29.92 ± 36.85)

20.89
(17.44 ± 24.03) 2.86 ± 0.27 14.15 (4) 0.005

Ovicidal
activity

Sophocarpin 83.82
(76.44 ± 93.68)

62.47
(57.62 ± 68.11)

31.57
(27.39 ± 35.28) 1.98 ± 0.18 4.98 (4) 0.003

Sophordine 46.69
(43.52 ± 49.91)

36.64
(33.62 ± 39.50)

20.87
(18.01 ± 23.51) 2.40 ± 0.18 14 (4) 0.002

LC50, lethal concentration 50% mortality; LC30, lethal concentration 30% mortality; χ2, chi-square; d.f, degrees of
freedom; SE, standard error (95% CL).

The results of ovicidal activity in the eggs of Ae. albopictus after treatment of Sophocarpin
and Sophordine are shown in Figure 4. An inverse relation between concentration and percentage
of hatching was observed in both chemicals; an increase of concentration shows a decrease in the
percentage of hatching. Sophocarpin provides egg hatchability ranging between 41.5% and 88.5%
at a concentration range of 20–100 ug/mL, while Sophordine shows more significant control than
Sophocarpin, because egg hatchability varies from 15.5% to 78% in same concentrations limit (p < 0.05).
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Using the results of larvicidal activity, lethal (LC50) and sub-lethal (LC30) concentrations were calculated
(Table 2).
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3.2. Evaluation of Synergistic/Antagonistic Relation between the Constituents of S. alopecuroides Extract

Table 3 shows the synergistic/antagonistic relation between the constituents of S. alopecuroides
extract. A synergistic effect was noticed after the treatment of the mixture containing Sophocarpin
and Sophordine (LC30 + LC30) against the larvae of Ae. albopictus. As compared to the expected
mortality (42.56%), a significant increase in actual mortality (60 ± 0.40) was noticed upon applying LC30

+ LC30 of Sophocarpin and Sophordine. Meanwhile, a mixture containing LC20 + LC20 of Sophocarpin
and Sophordine showed an antagonistic effect on larval mortality. The ovicidal activity showed no
synergistic effect when both mixtures (LC30 + LC30 and LC20 + LC20) of Sophocarpin and Sophordine
were applied. Actual mortality was lower than expected mortality in both mixtures (LC30 + LC30 and
LC20 + LC20) of Sophocarpin and Sophordine against the eggs of Ae. albopictus.

Table 3. Joint action of the dominant constituents from S. alopecuroides (Sophocarpin and Sophordine).

Larvicidal Activity (%)

Pure Compound Binary Mixture

Compound a Compound b Dose
(ug/mL) Observed a Observed b Expected Observed χ2 Effect

Sophocarpin Sophordine LC30 + LC30 24.5 32.8 42.5 60.2 7.14 Synergistic
Sophocarpin Sophordine LC20 + LC20 29.7 33.6 44.1 56.3 3.26 Antagonistic

Ovicidal Activity(%)
Sophocarpin Sophordine LC30 + LC30 36.5 33.4 44.5 43.1 0.047 Antagonistic
Sophocarpin Sophordine LC20 + LC20 14.5 18.2 27.7 27 0.022 Antagonistic

3.3. Adult Repellent Activity of the S. alopecuroides Extract

The results of the repellent activity of S. alopecuroides extract, along with positive control (DEET),
against the adult female Ae. albopictus are presented in Figure 5. Our results displayed a direct
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relationship between repellent activity and different concentrations of the extract, while an inverse
relationship was observed with the time of application. The results of repellent activity demonstrate
that S. alopecuroides extract resulted in 93.11% protection for 90 min, which kept reducing with time and,
at 240 min, only 53.14% protection was provided at a 5 mg/cm2 concentration (Figure 5a). However,
the positive control (DEET) also provided protection percentage (94.18%) in the first 90 min and 55.33%
in 240 min at a 5 mg/cm2 concentration (Figure 5b).
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Figure 5. Repellent activities of Sophora alopecuroides extract against the adult females of Ae. albopictus
at different concentrations. (a) Repellent activity of S. alopecuroides extract against the adult females of
Ae. albopictus at different concentrations. The blue line represents repellency percentage at 1 mg/cm2;
the red line represents repellency percentage at 2.5 mg/cm2; the green line represents repellency
percentage at 5 mg/cm2. (b) Repellent activity of DEET against the adult females of Ae. albopictus
at different concentrations. The blue line represents repellency percentage at 1 mg/cm2; the red line
represents repellency percentage at 2.5 mg/cm2; the green line represents repellency percentage at
5 mg/cm2.

4. Discussion

Here, in the current study, we demonstrated that S. alopecuroides extract, though quite different
in chemical composition, provided pronounced larvicidal, ovicidal, and repellent activities against
Ae. albopictus. The chemical composition analysis previously conducted by our group identified
that S. alopecuroides is dominated by alkaloids, containing Sophocarpin (33.90%), Sophordine (6.23%),
anagyrine, (2.77%), matrine (2.38%), and lupanine (1.68%) as major constituents [27].

The results of our larvicidal activity of S. alopecuroides extract and its constituents exhibited high
mortality against the third-instar larvae of Ae. albopictus, indicating that the tested extract and its
constituents can effectively control Ae. albopictus at the larval stage. Additionally, S. alopecuroides
extract was found to be more effective than a single active compound due to the synergism of its
active ingredients, which may be effective in managing the resistant population of Ae. albopictus.
The larval mortality observed in our findings demonstrated a concentration-dependent manner,
as larval mortality increased with an increase in the concentration of S. alopecuroides extract and
its constituents (Sophocarpin and Sophordine), and maximum mortality was achieved at higher
concentrations. In previous studies, a similar trend was observed when the essential oils of Eucalyptus,
Camaldulensis, Eucalyptus nitens, and Cinnamomum osmophloeum were evaluated against Ae. albopictus,
respectively [55–57]. Although our results of different levels of mortality achieved by different plant
derivatives are in accordance with other reports, further studies are required to find out the mode of
action of the extract and the constituents of S. alopecuroides toward the overall toxicity.

The egg hatchability of Ae. albopictus was also greatly affected by S. alopecuroides extract and its
constituents. The egg hatchability results demonstrated an inverse relation with different concentrations
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of the plant extract, as significantly reduced egg hatchability was observed with an increase in the
concentration. Our findings reveal that the extract of S. alopecuroides plays a significant role in egg hatch
inhibition, as the egg hatchability was significantly lower in those exposed to different concentrations
of the S. alopecuroides (2.32–75%). When the constituents of S. alopecuroides extract were applied against
the eggs of Ae. albopictus, Sophordine showed more significant control than Sophocarpin. Previously,
it was reported that, when the eggs of Ae. albopictus were exposed to various concentrations of Ipomoea
cairica L. leaf extract, a significant decrease in egg hatchability was recorded (0–87%), higher than the
one recorded in our findings [58]. The remarkable larvicidal and ovicidal activities of S. alopecuroides
extract might be due to the presence of a variety of alkaloids that possess potential insecticidal activity.
Previously, it was reported that S. alopecuroides alkaloids showed high toxicity against aphids [59],
Plagiodera versicoloraetc [60], Plutella xylostella, Helicoverpa armigera [61], and Leucania separate [62].
Though, in the present study, the mechanism of action of the plant extract from S. alopecuroides was not
determined, it has been reported that the alkaloids of S. alopecuroides are involved in the inhibition
of two commonly found enzymes (esterase and carboxylesterase) in insects [63]. The dominant
components of the plant extracts also have their own potential against specific insects, but potential
varies as compared to the basic extract [64–66].

The repellent activity results of S. alopecuroides extract provided promising and remarkable
repellency potential against the adult females of Ae. albopictus; the protection provided by S. alopecuroides
extract was 93.11% in the first 90 min, which gradually decreased to 53.14% after 240 min, and positive
control DEET showed almost the same repellency potential. The repellent activity provided by
S. alopecuroides extract was also better than previously used repellents against Ae. albopictus, such as
the E. nitens essential oil, and its main component, 1,8-cineole [57].

The good potential of repellency shown by S. alopecuroides extract might be attributed to the
presence of sesquiterpenes in a high proportion, as sesquiterpenes have been reported to play an
active role in repellency against mosquitoes due to their attributes of being less volatile and having
a long-lasting effect [67–69].

5. Conclusions

Concluding our findings, this is the first report investigating the larvicidal, the ovicidal,
the synergistic, and the repellent activities of S. alopecuroides extract and its constituents. Our results
demonstrated that S. alopecuroides extract provides promising and remarkable larvicidal and ovicidal
activities against Ae. albopictus that could be associated with the presence of alkaloids. Either a synergistic
or an antagonistic effect of the S. alopecuroides constituents against larvae was observed, depending on
the applied dose. On the other hand, S. alopecuroides was identified as a potent repellent of the adult
females of Ae. albopictus due to its high potential of repellency. However, further studies are required to
determine the contribution of the major and the minor components of S. alopecuroides extract toward the
mode of action and the repellency.
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